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PREFACE 
This Memorandum is part of RAND'S continuing study of Communica- 
tions Satellite Technology for the National Aeronautics and Space 
Administration. It presents coverage patterns which may be attained 
by the use of highly directive antennas on stationary communications 
satellites. As constructed, the memorandun1 ~ L U V ~ ~ E S  t e ~ l  f c r  t h e  
interested reader, who may use it to investigate antenna patterns for 
satellites at various locations. A typical application would be a 7 
beamwidth antenna on a satellite at 58 W longitude on the equator, 
looking at a point offset 45 at an azimuth of 75 north of east. 
This antenna has about 28 db of gain, and the configuration could be 
used for air traffic control over the entire North Atlantic region. 
Other patterns of significant application may be found by using the 






This Memorandum p r e s e n t s  coverage p a t t e r n s  which may be a t t a i n e d  
by the use of h igh ly  d i r e c t i v e  antennas on s t a t i o n a r y  communications 
s a t e l l i t e s .  The equat ions f o r  the i n t e r s e c t i o n  of a sphere and a 
c o n i c a l  beam aimed a t  an a r b i t r a r y  point  on the  sphere are set  up and 
so lved .  The r e s u l t s  a r e  presented i n  graphic  form. Coverage paLCems 
a r e  p l o t t e d  on Mercator c h a r t s  f o r  antennas of 2 
aimed a t  p o i n t s  on the e a r t h ' s  surface o f f s e t  from t h e  s u b s a t e l l i t e  
p o i n t  by 0 ,  30, 45,  and 60 g r e a t - c i r c l e  degrees a t  v a r i o u s  antenna 
azimuths.  An overlay Mercator map of  the e a r t h  i s  provided,  which 
pe rmi t s  the u s e r  t o  f i n d  the e f f e c t  of p l ac ing  the s a t e l l i t e  a t  
d i f f e r e n t  l ong i tudes  along the equator.  
0 t o  10' beamwidth 
A s  a t y p i c a l  r e s u l t  of t he  use of t hese  cu rves ,  i t  has  been 
found t h a t  the North A t l a n t i c  region can be covered from a s a t e l l i t e  
w i t h  a 7' antenna beamwidth a t  58 
o f f s e t  45' w i t h  an azimuth of 75 
v i s i b l e  t o  a synchronous s a t e l l i t e  may be covered by a 17 beamwidth. 
Thus, a 7.7-db inc rease  i n  antenna gain i s  a v a i l a b l e .  The curves and 
ove r l ay  map permit the r eade r  t o  f ind o t h e r  p o s s i b i l i t i e s .  
0 W l ong i tude  looking a t  a p o i n t  
0 north of e a s t .  The e n t i r e  region 
0 
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The p r e s e n t  gene ra t ion  of  synchronous s a t e l l i t e s  (Syncom, Ear ly  
Bird) employs antennas w i t h  only moderate d i r e c t i v i t y .  This  s i t u a t i o n  
has  t h r e e  causes:  s p i n - s t a b i l i z a t i o n ,  l imi t ed  payload, and d e s i r e  
t o  achieve as g r e a t  an  ea r i i i  ~Uvaragz 2s p z s o i h l p -  Future  synchronous 
s a t e l l i t e s  (ATS) may employ g rav i ty -g rad ien t  o r  o t h e r  s t a b i l i z a t i o n  
schemes, and enhanced payload c a p a b i l i t y  may permi t  t he  use  o f  l a r g e r  
antennas.  Therefore ,  i t  i s  o f  i n t e r e s t  t o  s tudy the  coverage p a t t e r n s  
which highly d i r e c t i v e  antennas w i l l  p resenf  on the e a r t h ' s  su r f ace .  
I n  Sec t ion  11, t h e  equat ions  fo r  t h e  i n t e r s e c t i o n  o f  a c o n i c a l  
antenna beam and the  e a r t h ' s  sur face  are set  up and solved. I n  Sec- 
t i o n  111, t he  r e s u l t s  are presented i n  graphic  form, i n  a manner which 
should p e r m i t  t he  i n t e r e s t e d  reader  t o  use  t h i s  Memorandum as a t o o l  
f o r  f u r t h e r  i n v e s t i g a t i o n s .  The coverage p a t t e r n s  f o r  antennas o f  
2 t o  10 beamwidth, aimed a t  po in t s  on t h e  e a r t h ' s  su r f ace  o f f s e t  
by 0 ,  30, 45, and 60 g r e a t - c i r c l e  degrees  from t h e  s u b s a t e l l i t e  p o i n t ,  
are given f o r  v a r i o u s  antenna azimuths. These are p l o t t e d  on Mercator  
c h a r t s .  
u s e r  t o  f ind  t h e  e f f e c t  of  p lac ing  t h e  s a t e l l i t e  a t  d i f f e r e n t  longi-  
t udes  along t h e  equator .  
0 0 
A Mercator  map of t h e  earth is przvided, which permits  the  
A s  demonstrat ions of  t h e  u t i l i t y  o f  t hese  curves ,  i t  has  been 
found t h a t  t he  e n t i r e  North At l an t i c  region can b e  covered wi th  a 
beamwidth of 7 O ,  us ing  a s a t e l l i t e  a t  58 
p o i n t  o f f s e t  45 a t  an  azimuth of 75 (0 azimuth i s  due east) .  This 
could  be  used f o r  a i r  t r a f f i c  cont ro l .  
0 W l ong i tude  looking a t  a 
0 0 0  
A l l  o f  Europe can be  covered 
2 
0 0 from a satel l i te  a t  10 E long i tude  w i t h  a 4 beamwidth looking a t  
a p o i n t  o f f s e t  45 
t o  Japan) can be  covered from a sa t e l l i t e  a t  152O E wi th  a 9 
looking a t  a p o i n t  o f f s e t  30' with  an  azimuth of  150 . 
P a c i f i c  region--Japan, H a w a i i ,  Alaska,  U.S .  (San Francisco)--can be  
covered from a s a t e l l i t e  a t  165 E w i t h  a 10 beam looking a t  a p o i n t  
o f f s e t  45' a t  an  azimuth o f  75'. 
a t  Calcu t ta ,  t h i s  165' E s a t e l l i t e  could cover  both  t h e  North P a c i f i c  
and Eas t  A s i a  reg ions  w i t h  two antennas.  
found by the  reader .  
s a t e l l i t e  may be  covered by a 1 7  
ga in  of 20 db. 
penni t s  roughly h a l v i n g  t h e  beamwid t h  f o r  p l a u s i b l e  coverage r eg ions ,  
w i t h  a n  a t t e n d a n t  antenna ga in  i n c r e a s e  of 6 db. 
0 due nor th .  A l l  o f  E a s t  Asia ( I n d i a  t o  Indonesia  
0 beam 
0 The North 
0 0 
I f  the  Ind ia  ground s t a t i o n  were 
Other  p o s s i b i l i t i e s  may be  
The e n t i r e  reg ion  v i s i b l e  t o  a synchronous 
0 beamwidth and corresponding antenna 
These i n v e s t i g a t i o n s  show t h a t  s u i t a b l e  p o i n t i n g  
3 
11. ANALYSIS 
The a n a l y t i c a l  problem d iv ides  i t s e l f  i n t o  two n a t u r a l  p a r t s .  
The f i r s t  i s  t o  f ind  t h e  locus of t h e  i n t e r s e c t i o n  of a cone and a 
sphere.  The second i s  t o  reference t h a t  l ocus  t o  t h e  e a r t h .  These 
w l i i  be done in aequeiite. 
The c o n f i g u r a t i o n  i s  shown i n  Fig.  1. The s a t e l l i t e  i s  a t  p o i n t  
Q on t h e  e q u a t o r i a l  plane a t  he igh t  h. 
X ,  Y ,  Z are so o r i e n t e d  t h a t  P i s  due "north" o f  t h e  s u b s a t e l l i t e  
p o i n t .  The antenna i s  aimed a t  p o i n t  P ,  which i s  o f f s e t  from t h e  
s u b s a t e l l i t e  p o i n t  by the  a n g l e  fl. V i s u a l i z a t i o n  shows t h a t  the 
shape of t h e  i n t e r s e c t i o n  curve i s  i n v a r i a n t  w i t h  r e s p e c t  t o  a r o t a -  
t i o n  of t h e  beam around t h e  l i n e  j o i n i n g  the  sa te l l i t e  t o  t h e  c e n t e r  
o f  t he  e a r t h ,  which w i l l  be taken as t h e  X-axis. T h i s  i n v a r i a n c e  i s  
dep ic t ed  i n  Fig. 2 ,  which shows t h e  p r o j e c t i o n  o f  t h e  i n t e r s e c t i o n  
cu rve  i n t o  t h e  Y -Z 
e a r t h - o r i e n t e d .  
t h e  azimuth a n g l e  0 ,  b u t  only on t h e  d i s t a n c e  from the  c e n t e r .  The 
l i n e  PQ w i l l  lie i n  t h e  X-Z piane,  s i ld the  aLxing p i n t  P p r o j e c t s  
o n t o  the  Z-axis i n  Fig. 2. The cone, of semiangle CY, w i l l  i n t e r s e c t  
t h e  sphere i n  a curve whose equat ion i s  t o  be found. 
The r e c t a n g u l a r  coord ina te s  
p l ane ,  where t h e  coord ina te s  5' YE' zE are  
E E  
The shape o f  the p r o j e c t e d  curve does n o t  depend on 
In t roduce  a u x i l i a r y  coordinates  X ' ,  Z', l y i n g  i n  t h e  X-Z plane,  
w i t h  the  X'-axis a long t h e  l i n e  PQ and the  Z'-axis pas s ing  through 
t h e  c e n t e r  o f  the sphere,  a s  shown i n  Fig. 1. The ang le  y, which 
measures t h e  d e f l e c t i o n  o f  t h e  antenna a x i s  from t h e  s u b s a t e l l i t e  
p o i n t ,  may be found by applying t h e  l a w  o f  s i n e s  t o  t h e  t r i a n g l e  OPQ. 
4 
Thus 
r + h  r + h  - r - =  
s i n  y sin(n-@-y) sin(B+Y) 
Def ine  the parameter k as t h e  sa te l l i t e  r a d i a l  d i s t a n c e  i n  u n i t s  of 
t h e  e a r t h ’ s  r a d i u s ,  so 
r + h  
r 
k =- 
For a synchronous sa te l l i t e  a t  a n  a l t i t u d e  of  19,310 n m i ,  k = 6.6134. 
The angle  Y i s  now given by 
Use t h e  e a r t h ’ s  r a d i u s  as t h e  u n i t  of d i s t a n c e .  The equa t ions  
” connect ing the  a u x i l i a r y  c o o r d i n a t e s  x , z  t o  t h e  r e c t a n g u l a r  coordi-  
n a t e s  x ,  z are 
(4)  
r x = x cos  y - z s i n  y 
z f  = x s i n  y + z cos  Y - k sin y ( 5 )  
The equat ion of t h e  l i n e  QS, which i s  a g e n e r a t o r  of  t h e  cone, i s  
given by 
z f  = t a n  a(k c o s  y - x‘) ( 6 )  
This may be seen e a s i l y .  
i s  k c o s  y ,  which determines t h e  h o r i z o n t a l  i n t e r c e p t .  The l i n e  has  
t h e  s lope  - t a n  a, which e s t a b l i s h e s  Eq. (6).  
From t h e  t r i a n g l e  OO’Q, t h e  d i s t a n c e  O’Q 
5 
The cone is defined by the  condi t ion  t h a t  all p o i n t s  on i t ,  
a t  a given a x i a l  d i s t a n c e  from t h e  apex Q, l i e  on a c i rc le  of  r a d i u s  
given by Eq.  ( 6 ) .  
perpendicular  d i s t a n c e  then gives  t h e  equa t ion  of  t h e  cone as 
Squaring and r ep lac ing  z '  by the  t h r e e  dimensional  
Upon s u b s t i t u t i n g  from E q s .  (4) and (5) i n  Eq. (7), t h e  equat ion  o f  t h e  
cone i n  t h e  r ec t angu la r  coord ina tes  x, y ,  z i s  
cos2{y2+{zcosy-(k-x)siny] - s i n  z s i n y  '+ (k-x)cosy = 0 '1 1' 
Mul t ip ly ing  o u t  and s impl i fy ing  reduces t h i s  t o  t h e  form 
2 2  2 2  2 2 2  2 y cos CY + z (cos y-s in  a)+(k-x) ( s i n  y-sin ~~) -2z (k -x )cosys iny  = 0 (9) 
The p o i n t s  on the  su r face  of t h e  sphere  may be s p e c i f i e d  by the i r  
l a t i t u d e  u and longi tude  v. Measure the  longi tude  from t h e  subsa te l -  
l i t e  po in t .  Then t h e  su r face  of t he  sphere  i s  def ined  by 
x = cos u cos v (10) 
y = cos u s in  v (11) 
These express ions  may be s u b s t i t u t e d  i n  Eq.  (9) t o  o b t a i n  the  locus  
o f  t h e  i n t e r s e c t i o n  of  t he  sphere and cone. The r e s u l t i n g  equat ion  
may be rearranged as a quadra t i c  equat ion  f o r  cos  u c o s  v i n  terms 
o f  s i n  u; t hus  
6 
2 2 2 
cos y cos u c o s  c o s  y s i n  y s i n  u+k(cos y-cos 
(13) 
2 2 2 2 2  2 + s i n  y s i n  u-cos W2k cos  y s i n  y s i n  u+k (cos y-cos CY) = 0 
This equat ion may be solved f o r  c o s  u c o s  V. There w i l l  be  two 
s o l u t i o n s ,  one o f  which r e p r e s e n t s  t h e  i n t e r s e c t i o n  ST of t h e  cone and 
sphere nea re r  t h e  apex o f  t h e  cone, as dep ic t ed  i n  Fig. 1; t h e  o t h e r  
r e p r e s e n t s  t h e  i n t e r s e c t i o n  f a r t h e r  from t h e  apex. 
be s e l e c t e d  by r e q u i r i n g  t h a t  t h e  l a t i t u d e  reduce t o  @ and t h e  longi-  
tude t o  zero when t h e  cone semiangle CY t ends  t o  zero.  
l e a d s  t o  t h e  cho ice  of t h e  p l u s  s i g n  f o r  t h e  r a d i c a l  which arises from 
s o l u t i o n  by q u a d r a t i c  formula o f  Eq. (13). The r e s u l t  i s  
The n e a r e r  one may 
Th i s  requirement 
cos v 
2 2 y s i n  y s i n  u+k(cos y-cos CY) 
2 2 2 
CY{COS y-2k c o s  y s i n  y s i n  u-k (cos y-cos 
1 - 
cos  u cos  y 
This expres s ion  g i v e s  t h e  shape o f  t h e  boundary ' a s  long as t h e  
r a d i c a l  i s  p o s i t i v e  and lcos V I  5 1. 
t o  v = 0. I t s  l a t i t u d e  may be shown t o  b e  
The p o i n t  T o f  Fig.  1 corresponds 
u - = sin-'[k s in(y-a)]  - (y-a) (15) 
The po in t  S of  Fig. 1, which a l s o  corresponds t o  v = 0, h a s  t h e  l a t i -  
tude 
-1 u = s i n  [k s i n ( y k y ) ]  - ( y - k ~ )  + 
7 
A s  long as k sin(zr+cu) i s  l e s s  than  one, t h e  arc s i n e  o f  Eq. (16) 
i s  def ined  and the  i n t e r s e c t i o n  locus i s  a c losed  curve.  I f  k s i n  
(yi-cr) exceeds one, t h e  l i n e  QS of F ig .  1 does no t  i n t e r s e c t  the  
sphere.  When k sin(ytcu) equa l s  one, t h e  l i n e  QS i s  t angen t  t o  t h e  
sphere ,  which d e f i n e s  t h e  horizon l i m i t .  For a synchronous s a t e l l i t e  
a t  a n  a l t i t u d e  o f  l Y , J l U  n m i ,  ch is  C U L L I S L ~ G ~ ~ ~ S  to : 
hor izon  i s  g iven  by t h e  c i r c l e  such t h a t  a l l  p o i n t s  on i t  are a t  a 
ground d i s t a n c e  of  81.3 from the  s u b s a t e l l i t e  po in t .  
- 81,,1°, The + 
0 
With k sin(Y+cu) less than  one, t h e  r a d i c a l  i n  Eq. (14) does n o t  
vanish .  I f  k s in(y+a)  exceeds one, t h e r e  w i l l  be a va lue  of  u ,  and 
two corresponding equal  and oppos i te  va lues  of v ,  f o r  which t h e  
r a d i c a l  vanishes .  These p o i n t s  give t h e  i n t e r s e c t i o n  o f  t h e  locus  
w i t h  the  hor izon  c i rc le .  The boundary locus  i s  now completed by t h e  
a r c  o f  t h e  hor izon  c i r c l e  jo in ing  t h e  two i nd ica t ed  p o i n t s .  
The v a r i a b l e s  u and v r ep resen t  l a t i t u d e  and longi tude  i n  t h e  
X ,  Y ,  Z coo rd ina te  system, which h a s  t h e  aiming p o i n t  o f f s e t  i n  t h e  
"nor ther ly"  d i r e c t i o n .  It i s  necessary t o  r e f e r  Eq. (14) t o  t h e  
ea r th -o r i en ted  s y s  t e m  5 ,  YE, ZE. 
t h e  coord ina te  systems i s  given by a r o t a t i o n  Ciiroiigh the angle 8 
around t h e  X-axis. Thus, 
From Fig.  2 ,  t h e  r e l a t i o n  between 
% = x  
= y s i n  0 + z cos 8 YE 
% = - y c o s  e + z  s i n 8  
8 
In t roduce  the  e a r t h  l a t i t u d e  L and longi tude  1, wi th  t h e  long i tude  
s t i l l  referenced t o  t h e  s u b s a t e l l i t e  p o i n t .  Then Eqs. ( l o ) ,  (ll),  
(12) and (17) , (18), (19) y i e l d  
s i n  L = s i n  8 s i n  u - cos  8 cos  u s i n  v (20) 
t a n  h = s i n  8 t a n  v + cos  8 t a n  u sec v (21) 
I f  t h e  coord ina te s  5 ,  hp o f  t h e  aiming p o i n t  P are s p e c i f i e d  
i n s t e a d  o f  t h e  o f f s e t  d i s t a n c e  p and t h e  azimuth 8 ,  t h e  l a t t e r  quan- 
t i t i e s  may be found by i n v e r t i n g  Eqs. (20) and (21) ,  y i e l d i n g  
t a n  8 = t a n  $ / s i n  hp (23) 
From Eqs. (14) , (20) ,  and (21) ,  t h e  e a r t h - o r i e n t e d  c o o r d i n a t e s  
of t h e  i n t e r s e c t i o n  locus  may be found. T h i s  completes  the  a n a l y t i c a l  
t reatment .  The numerical procedure and g raph ic  r e s u l t s  are p resen ted  
i n  t h e  next  s ec t ion .  
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111. NUMERICAL PROCEDURE AND GRAPHIC XESLXTS 
The numerical procedure i n  handl ing t h e  equa t ions  follows. 
S e l e c t  v a l u e s  o f  5 and A then determine B and 8 from Eqs. (22) 
and (23); o r  select and 8 i n i t i a l l y .  The l a t te r  choice was em- 
P' 
ployed i n  t h e  a c t u a l  c a l c u l a t i o n s .  The ang le  y i s  found from Eq. 
( 3 ) .  S e l e c t  v a l u e s  o f  t h e  cone semiangle CY. The antenna beamwidth 
w i l l  be  CY. The a l t i t u d e  r a t i o  k i s  6.6134 f o r  a synchronous satel-  
l i t e .  Determine u from Eq. (15). Th i s  determines the p o i n t  T o f  
Fig. 1, which p rov ides  t h e  s t a r t i n g  p o i n t  o f  t h e  coverage p a t t e r n .  
Increment u by a s u i t a b l e  amount (2' increments were a c t u a l l y  used ) ,  
and determine t h e  two corresponding v a l u e s  o f  v from Eq. (14). 
These v a l u e s  of u and v a r e  s u b s t i t u t e d  i n  Eq. (20) and (21) ,  and 
t h e  e a r t h  coord ina te s  L and ?, a r e  found. The incrementat ion i s  
continued u n t i l  e i t h e r  t he  value u i s  reached, a t  which the  curve 
c l o s e s ;  o r  t h e  r a d i c a l  i n  Eq. (14) van i shes ,  a t  which the curve 
+ 
i n t e r s e c t s  t he  horizon c i r c l e .  
* 
This  procedure has been programmed using JOSS, t h e  RAND o n - l i n e  
t ime-shared computing system. The i n t e r s e c t i o n  l o c i  have been ob- 
t a i n e d  f o r  o f f s e t  ang le s  of 30' and 45' w i th  azimuth ang le s  rang- 
i n g  from 0' t o  90 0 i n  15' steps. Antenna beamwidths of 2 ,  4 ,  6 ,  8, 
and 10 deg have been used. In a d d i t i o n ,  t h e  cu rves  f o r  no o f f s e t ,  
and f o r  60 offset, 90 azimuth have been obtained.  0 0 
It i s  d e s i r e d  t o  p r e s e n t  the r e s u l t s  i n  a manner as u s e f u l  t o  
t h e  r e a d e r  as poss ib l e .  While t h e  cu rves  could be drawn on e a r t h  
maps, t h i s  would have a disadvantage i n  t h a t  t h e  longi tude of t h e  
* 
JOSS is  t h e  trademark and service mark of The RAND Corporat ion 
f o r  i t s  computer program and s e r v i c e s  using t h a t  program. 
10 
satel l i te  would b e  f ixed .  I f  coverage f o r  v a r i o u s  sa te l l i t e  longi-  
t udes  were requi red ,  e i t h e r  t h e r e  would have t o  be  a g r e a t  p ro fus ion  
o f  graphs,  o r  an over lay  would be  necessary.  
been se lec ted .  The coverage p a t t e r n s  are  drawn on p l a i n  graphs,  
and a mobile e a r t h  map i s  provided. By a l i g n i n g  t h e  map equa to r  
w i th  the graph equa to r ,  t h e  sa te l l i t e  long i tude  may be v a r i e d  by 
simply s l i d i n g  t h e  map ove r  t h e  graph t o  a s c e r t a i n  t h e  p o s i t i o n  o f  
b e s t  coverage. 
The l a t te r  method has  
The e a r t h  map employed i s  drawn i n  t h e  Mercator  p r o j e c t i o n .  
Therefore ,  t he  graphs have a l s o  been drawn on t h e  non l inea r  Mercator  
l a t i t u d e  scale, w i t h  the  map and graph scale f a c t o r s  equal ized .  The 
equat ion r e l a t i n g  the  Mercator  l a t i t u d e  41 t o  t h e  ord inary  l a t i t u d e  
L i s  
1 + s i n  L 41 = log cos  L 
where both L and 41 are  i n  r ad ians  and t h e  logar i thm i s  t o  base e. 
The Mercator l a t i t u d e  m e a n s  t h e  number of  u n i t s  of  length  above o r  
below the equator  which correspond t o  t h e  o'rdinary l a t i t u d e  L, b u t  
t h e  des igna to r  on the  map i s  t h e  o r d i n a r y  l a t i t u d e .  Thus, i f  t he  
longi tude  s c a l e  f a c t o r  w e r e  1 i n .  = 30°, t h e  p o i n t s  on t h e  c h a r t  
0 corresponding t o  an a c t u a l  l a t i t u d e  o f  30° and 60 
t i v e l y ,  1.049 and 2.515 i n .  above t h e  e q u a t o r  b u t  would be  des igna ted  
30' and 60°. 
t i o n  o f  Eq. (24) ,  and are presented  i n  F igs .  3-18. 
would be ,  respec- 
A l l  t he  c u r v e s  have been d i a w  u s i n g  t h e  transforma- 
The a b s o l u t e  ho r i zon  i s  given by t h e  8 1 . 3 O  c i rc le .  Another 
ho r i zon  of i n t e r e s t  i s  such t h a t  the sa te l l i t e  appears  a t  an e l e v a t i o n  
11 
a n g l e  of 5' wher? viewed from t h e  ground. 
c i rc le  o f  ground arc 76.6 . This  " r a d i o  horizon" i s  shown as t h e  
dashed l i n e  i n  t h e  f igu res .  Since coverage o u t  t o  t h e  a b s o l u t e  
ho r i zon  can be achieved w i t h  a beamwidth o f  17O, i t  w a s  deemed worth- 
wh i l e  on ly  t o  g ive  t h e  con tour s  o u t  t o  10' beamwidth. For  beamwidths 
between 10' and 17O, t h e  achievable  g a i n  improvement may n o t  war ran t  
the a d d i t i o n a l  complexity i n  t h e  sa te l l i t e  r equ i r ed  t o  p o i n t  the 
antenna. 
Th i s  corresponds t o  a 
0 
Some o f  t h e  p o s s i b l e  coverages which have been found us ing  the  
ove r l ay  map and t h e s e  f i g u r e s  have been l i s t e d  i n  t h e  i n t r o d u c t i o n .  
There i s  cons ide rab le  improvement ove r  t h e  17' system when the  ground 
coverage r eg ion  is  l i m i t e d  and the antenna p rope r ly  pointed.  How- 
ever, t h e  North A t l a n t i c  r eg ion  is such t h a t  a g a i n  i n c r e a s e  o f  8 db 
appea r s  t o  be t h e  b e s t  achievable .  An all-Europe system c a n  achieve 
13 db, b u t  East Asian and P a c i f i c  systems c a n  only ach ieve  5 db. 
The e v a l u a t i o n  o f  whether t h e s e  p o s s i b l e  improvements are worthwhile 
w i l l  no t  be considered here.  
The c u r v e s  o f  Figs.  3-18 and a s s o c i a t e d  ove r l ay  map provide a 
t o o l  f o r  t h e  r eade r  t o  f i n d  o t h e r  coverage p a t t e r n s .  Equat ions (14) ,  
(20), and (21) may be used t o  generate  o t h e r  cu rves  by t h e  i n d i c a t e d  
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Fig. 4-Ear t h cover age pattern s - off set angle - 30 O, az i mu th - 75 O 
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Fig.5-Earth coverage patterns-offset angle-30", azimuth -60" 
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Fig. 18-Earth coverage patterns-offset angle-6O0, -azimuth -90" 

